Activated dolomite (AD), was investigated as a promising heterogeneous catalyst for the production of biodiesel. SnO 2 doped on activated dolomites catalyst (DSN) was synthesized through wet impregnation method and calcined at 500 °C for 3 h in air. The catalyst was then applied on biodiesel production via transesterification of palm cooking oil with methanol for required conditions (various time, oil to methanol ratio and amount of catalyst). X-ray Diffractometer (XRD), Brunauer-Emmet-Teller (BET) surface area, X-ray Fluoresence (XRF), Scanning Electron Microscopy (SEM) and Temperature Program Desorption (TPD) analysis were used to characterize the properties of the catalysts. Results showed that conversion of biodiesel by using DSN was higher (99.9 %) with lower optimum conditions i.e. 1:15 methanol to oil molar ratio, 1 wt. % of catalyst amount and reaction time of 6 h at 65 °C compared to AD (98.34 %) under higher conditions.
Introduction
Conventional energy derived from fossil fuels has become a great concern of the governments and also the citizens. The price of energy gets higher for every year nowadays and might be every month or every week soon due to the depletion of these fuels. Excessive amount of carbon monoxide (CO), carbon dioxide (CO 2 ), nitrogen oxides (NO x ) and sulfur emit from diesel fuels also cause the environmental pollutions. These problems motivate the search for alternative sources to fossil fuels, such as biomass, solar energy, hydrothermal energy and biodiesel. [1, 2] Biodiesel, derived from the transesterification of vegetable oils can be used as substitute in order to solve the problem of diminishing of fossil fuel [3] . Unlike fossil diesel, biodiesel is an energy efficient fuel where the rate of energy consumed is equal with the rate of it is being produced. It is also a renewable and biodegradable fuel that can be produced at anytime and degraded easier than fossil diesel. [4] Moreover, oxygen containing in biodiesel will provide a great combustion as a fuel and properties of emission derived from biodiesel combustion is reduced [4, 5, 6] .
Biodiesels are produced by transesterification process from different renewable sources such as vegetable oils and animal fats. However, animal fats contain saturated fat which causes the viscosity much higher than vegetable oils. Hence, the biodiesel produced will solidify at ambient temperature and not suitable for being used in engines. Thus world focuses more at resources derived from plants for biodiesel production [7] .
Transesterification is a reaction of triglycerides (in vegetable oil) with an alcohol to produce mixture of fatty acid methyl esters and glycerol [8] . Transesterification process can be done with the presence of catalyst in order to increase the amount of product produced at optimum conditions. Biodiesel can be derived from various types of oil (please refer to Table 1 ) [9] . Although biodiesel costs higher than conventional diesel derived from petroleum (in Malaysia), biodiesel produced can be exported to the other countries such as EU, India and China by considering the cooking oil from palm oil is the cheapest compared to the other oil [17] . Moreover, the production of biodiesel from non-edible oil (jathropa and algae oil) requires higher cost production of biodiesel compared to edible oils due to complex extraction method. Various homogenous acid and base catalysts were used in the past have resulted in high yield of biodiesels such as NaOH, KOH, H 2 SO 4 , HCl. However, homogeneous catalyst causes difficulty in separation of catalyst from the biodiesel and the process of stripping out the biodiesel is very costly [10, 11] . Heterogeneous catalyst can overcome these problems by minimizing the soap formation and much easier recovery compared to its homogeneous counterpart [12] .
In this study, dolomite based catalyst was used to aid good conversion of palm oil into biodiesel. This catalyst can reduce the cost of biodiesel due to faster conversion, lower toxicity and being available locally as a cheap natural resources. Dolomite was found to be as the most active catalyst with the yield of FAME up to 98.6 % within 3 h [13] . The main compounds in dolomite are MgCO 3 and CaCO 3 which can oxidize into MgO and CaO respectively [13] . Dolomite had been investigated for conversion of canola oil, yielding 91.78 % of FAMEs and can be reused for 3 times [14] . However, dolomite doped with Ba, Al, Mg, Ca, and La decreased the biodiesel conversion in palm kernel oil [13] . Thus, by dopping SnO 2 on activated dolomite catalyst will improve the activity of biodiesel production by increasing the basicity and surface area of the parent material.
Materials and Methodology
Catalyst Preparation [15, 16] . Fresh dolomite (FD) was supplied by The Division Group Sdn. Bhd. while SnCl 2 metal salt was acquired from Sigma-Aldrich. Activated dolomite (AD) catalyst was obtained by calcinations (in air for 8 h at 900°C) of ground and sieved dolomite. SnO 2 doped on dolomite (DSN) was synthesized by stirring mixed SnCl 2 metal salt and AD in 250 ml round bottom flask via wet impregnation method for 3 h at ambient temperature. The mixture was then dried at 100 °C and calcined at 500°C for 5 h. Catalytic test. Palm cooking oil was purchased from the market and the saponification value of oil was determined. Transesterification reaction was carried out by mixing 20.0 g of palm cooking oil with various amounts of catalyst (0.5-1.5 %) and methanol (10-30 ml) in a two-necked round Advanced Materials Research Vol. 620 379 bottom flask equipped with a thermometer, a magnetic stirrer and a water chiller. The mixture were stirred vigorously and refluxed at 65 °C for certain time (2-10 h). Once the reaction was completed, the mixture was centrifuged and excess methanol was evaporated leaving two layers of biodiesel and glycerol.
Results and Discussions
Characterization of catalyst. The crystallinity indices of FD, AD and DSN catalysts were identified by XRD ( Fig. 1 and 2) . The diffraction pattern of FD confirmed that dolomite is the major compound in the sample. When dolomite was calcined at 900 °C, the basic sites of the CaO and MgO were generated. Dolomite calcined for 4 h shows the presence of Ca(OH) 2 that can cause a dentrimental effect to transesterification reaction, and consequently lowering the biodiesel conversion. Ca(OH) 2 was completely removed when dolomite was calcined for 6 h and the peaks of CaO and MgO were intensified as the time for calcination was increased to 8 h. By dopping of SnO 2 on AD, the intensity of the CaO and MgO were reduced due to the decreasing in crystallinity and purity of the parent material. 
Intensity (a.u) The concentrations of CaO and MgO in AD were increased to 38.4% and 37.7% respectively (please refer to Table 2 ) since high calcination temperature oxidises the carbonate compounds in FD while degrades Bi 2 O 3 and As 2 O 3 due low melting point of both oxides. As the low surface area of fresh dolomite was calcined, the surface area was increased to 21 m 2 /g and its surface morphology became flattened, displaying flake-like profiles ( Fig. 3 and Table 3 ). At this point, MgO nanocrystallites were dispersed over CaO particles [14] . The physical and chemical properties of the FD obviously changed when the bonds involved had broken and altered to new form of CaO and MgO compositions (please refer to Eq. 1).
CaMg(CO 3 ) 2 (s) CaO(s) + MgO(s)
Moreover, SnO 2 doped on the AD shows a high increase in surface area and the particle size of the DSN became smaller compared to AD. These were because SnO 2 had been claimed to have higher surface area than dolomite, 112 m 2 /g [15] . SnO 2 also contains more and stronger basic sites according to TPD-CO 2 analysis where it desorbed 5.6 mol/g amount of CO 2 at 718 °C. The basicity of the parent materials were improved when it doped with amphoteric metal oxides like SnO 2 .
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Advanced X-Ray Characterization Techniques Catalytic Test. The transesterification reaction by using AD as catalyst produced relatively high conversion of palm cooking oil into biodiesel (Fig. 4) . Different methanol to oil molar ratio, amount of catalyst and period were tested in order to gain the optimum condition for highest conversion. There were an increment in the conversion of oil up to 98.3 % with reaction condition of 20: 1 methanol to oil molar ratio, 1 wt. % of AD at 6 h of reaction time . However, the conversion lowered as the methanol to oil molar ratio, time and catalyst amount increased due to loss of catalytic activity of AD and lead to saponification of biodiesel. 
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